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(54) Polynominal-set deriving apparatus and method. 

@ A set of minimal polynomials for generating a 
multidimensional array for decoding algebraic 
geometric codes is derived at a high speed. In 
order to obtain a set of minimal polynomials F 
for generating a given multidimensional array, 
when sequentially updating a set of polynomials 

F, df n w are not directly calculated, and a newly 
introduced set of polynomials B and the set of 
polynomials F are updated using the highest- 
degree coefficient d } of polynomials which be- 
long to the set of polynomials B. An array 
memory for storing a given multidimensional 
array u, and first and second polynomial 
memories for storing the set of polynomials F to 
be obtained and a set of auxiliary polynomials 

G, respectively, are provided. In the calculation 
of polynomials f* k > and df n+1 W , accessing oper- 
ations for respective memories and accessed 
addresses are controlled in parallel depending 
on the degrees of polynomials fM. 
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This invention relates to error correction, in which in a digital communication syst m and a digital storage 
system, rrors produced in a communication channel or a storage medium ar corrected at the reception side 
using error correction codes. More particularly, the invention relates to a polynominal-set deriving apparatus 
and method, in which in a decoding operation using algebraic geometric codes as error correction codes, a 
5 set of minimal polynomials for generating a given multidimensional array corresponding to a syndrome in re- 
ceived words is obtained. 

RS (Reed-Solomon codes) codes and BCH (Bose-Chaudhuri-Hocquenghem) codes are well known as er- 
ror correction codes for correcting errors produced in a communication channel or a storage medium at the 
reception side in a digital communication system and a digital storage system. These codes are actually used 
10 in apparatuses which deal with compact discs, satellite communication and the like. 

Recently, however, codes named algebraic geometric codes utilizing the algebraic curve theory have been 
widely studied (see references (1) - (3)). Algebraic geometric codes belong to a code system which has a very 
wide applications range, and which includes the above-described RS codes and BCH codes. It has gradually 
become clear that this system includes new codes having better properties than those of conventional codes 
15 (see reference (4)). 

Decoding methods have always been a problem while such excellent codes have been discovered, and 
development of an efficient decoding algorithm has been requested. However, an efficient decoding algorithm 
has not been otained at all until Justesen et al. have proposed a generalized Peterson algorithm (see reference 
(5)) in 1989. Justesen et al. have shown that by applying the Sakata algorithm (see reference (6)) proposed 
20 by Sakata to their generalized Peterson algorithm to provide an efficient algorithm for obtaining a two-dimen- 
sional linear feedback shift register, having a minimum number of storage elements, for generating a two-di- 
mensional array having a given finite size, an error locator function can be derived at a high speed with a small 
amount of calculation. 

However, since the generalized Peterson algorithm has a limitation in its correction capability, Skorobo- 
25 gatov et al. have proposed a Modified decoding algorithm (see reference (7)) which guarantees a higher cor- 
rection capability. 

Furthermore, since the Sakata algorithm includes a large amount of useless calculation not directly relating 
to the Modified decoding algorithm, Kamiya et al. have proposed an algorithm obtained by modifying the Sa- 
kata algorithm so as to conform to the Modified decoding algorithm in 1992 (see references (8) and (9)). 

30 On the other hand, the Berlekamp-Massay algorithm (BM method) and the Euclidean algorithm (Eu meth- 

od) are well known as conventional decoding methods for RS codes and BCH codes. The above-described 
generalized Peterson algorithm is an extension of the Peterson method used for decoding RS codes. The Sa- 
kata algorithm is also called a two-dimensional BM method, and is well known as an extension of the BM meth- 
od used for decoding RS codes (hereinafter termed a one-dimensional BM method). 

35 However, an algorithm corresponding to an extension of the Eu method used for decoding RS codes (here- 

inafter termed a one-dimensional EU method) has not previously been considered. 

Although Sakata has also proposed a multidimensional BM method (see reference (10)) as an extension 
of the two-dimensional BM method, a multidimensional Eu method corresponding to that method has not been 
devised. 

40 The multidimensional BM method is expressed by an algorithm having a structure as shown in FIG. 2 (see 

references (6) and (10) for a method of determining a defining point, rs, rt and the like). 

Point n shown in FIG. 2 is updated by ordering termed a total order (see references (6) and (10)). In FIG. 

2, the calculation of df^ in step S22 and the updating of f n <0 using h in step S25 are sequentially performed. 

This is because the calculation of df n ® in step S22 at point n is performed using h obtained in step S24 at point 
45 n - 1, and the updating of f n 0> using h in step S24 at point n is calulated using df„« in step S22 at point n. In 

this case, as shown in FIG. 12, a useless time is produced in the processing time, and therefore such a method 

is not efficient 

On the other hand, a method has been proposed, in which the processes of steps S22 and S24 are exe- 
cuted in parallel utilizing that processing for one-dimensional variables in the one-dimensional BM method, 
50 which is a decoding method for RS codes and BCH codes, is sequentially performed (see reference (11)). How- 
ever, since this method uses shift registers having a fixed number of stages, (t+1) (t is the maximum value of 
the defining point at the final point (n = p: see FIG. 2) of polynomial f n W) processing clock pulses are always 
required for a single updating operation (cycle) of f n 0>. 

Accordingly, the apparatus of reference (9) requires useless processing clock pulses in the mid course of 
55 calculation (n < p) of f n <0 which is not the largest defining point. Furthermore, the method of reference (9) does 
not consider the multidimensional BM method, and therefore is unsuitable for the multidimensional BM method 
in the following points: 

1) Only one polynomial belongs to each of sets of polynomials F and G in the one-dimensional BM method, 
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but a plurality of polynomials belong to each of sets of polynomials F and G in the multi-dimensional BM 
method. 

2) In the one-dimensional BM method, sine th degrees of polynomials which belong to sets of polyno- 
mials F and G and the arrangement of a given array are one dimensional (one variable), respective coef- 
ficients can be sequentially stored in a one-dimensional memory (a shift register or the like) from the high- 
est degree. However, since the degrees of polynomials and the arrangement of the array in the multidi- 
mensional BM method are not one-dimensional, efficient processing cannot be performed with a one-di- 
mensional memory. 

3) In the one-dimensional BM method, since only one polynomial belongs to each of sets of polynomials 
F and G, parallel processing of polynomials is meaningless. In the multidimensional BM method, however, 
since a plurality of polynomials belong to each of sets of polynomials F and G, parallel processing of cal- 
culation of polynomials has a meaning. 

4) In the one-dimensional BM method, since only one variable is present in a polynomial which belongs 
to each of sets of polynomials F and G, the processes of steps S22 and S23 cannot be performed in parallel 
if calculation for one variable is performed in parallel. In the multidimensional BM method, however, since 
a plurality of variables are present in a polynomial which belongs to each of sets of polynomials F and G, 
the processes of steps S22 and S24 can be performed in parallel if calculation for one variable is performed 
in parallel. 
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It is an object of the present invention to shorten the overall processing time by executing a plurality of 
processing in parallel when deriving a set of minimal polynomials for generating a given multidimensional array. 

Different aspects of the present invention provide a two-dimensional Eu method corresponding to an ex- 
tension of the one-dimensional Eu method, and provide a multidimensional Eu method corresponding to the 
multidimensional BM method by extending this two-dimensional Eu method. 

In certain aspects, the invention provides a method for efficiently performing parallel processing of a plur- 
ality of processes in the multidimensional BM method, and an apparatus for realizing the method. 

One embodiment of the present invention relates to a polynomial-set deriving apparatus for obtaining a 
set of minimal polynomials for generating a given multidimensional array, comprising first storage means for 
storing a first set of polynomials to be obtained, second storage means for storing a first set of aixiliary poly- 
nomial for the first set of polynomials, third storage means for storing a second set of polynomials different 
from the first set of polynomials, fourth storage means for storing a second set of auxiliary polynomials for the 
second set of polynomials, first discrimination means for discriminating if the coefficient of a predetermined 
degree of each polynomial of the second set of polynomials stored in the third storag means equals zer , de- 
termination means for newly determinating a defining point if a polynomial, in which the coefficient of a pre- 
determined degree does not equal zero, is present as a result of the discrimination by the first discrimination 
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means, first d rivation means for deriving polynomials which belong to the second set of polynomials based 
on the value of the d fining point determined by the determination means, the second set of polynomials stored 
in the third storag m ans, and th second set of auxiliary polynomials stored in the fourth storage means, 
first updating means for rasing all polynomials, in which the coefficient of a predetermined degree does not 

5 equal zero, from the third storage m ans, and for storing the polynomials derived by the first derivation means 
in the third storage means, second derivation means for deriving polynomials which belong to the first set of 
polynomials based on the value of the defining point determined by the determination means, the first set of 
polynomials stored in the first storage means, the first set of auxiliary polynomials stored in the second storage 
means, and the coefficient of a polynomial of the second set of polynomials relating to the determined defining 

10 point, second updating means for erasing all polynomials corresponding to the polynomials erased by the first 
updating means from the first storage means, and for storing the polynomials derived by the second derivation 
means in the first storage means, second discrimination means for discriminating the presence of a change 
of the defining point, third updating means for updating the first set of auxiliary polynomials stored in said sec- 
ond storage means based on the first set of auxiliary polynomials stored in the second storage means, and 

15 the polynomials erased by the second updating means, when the second discrimation means discrimated the 
presence of a change in the defining point, and fourth updating means for updating the first set of auxiliary 
polynomials stored in the second storage means based on the second set of auxiliary polynomials stored in 
the fourth storage means, and the polynomials erased by the first updating means, when the second discrim- 
ation means has discrimated the presence of a change in the defining point. 

20 Another embodiment relates to a method for obtaining a set of minimal polynomials for generating a given 

multidimensional array, comprising the steps of setting initial values for a first memory for storing a first set 
of polynomials to be obtained, a second memory for storing a first set of auxiliary polynomials for the first set 
of polynomials, a third memory for storing a second set of polynomials different from the first set of polynomials, 
and a fourth memory for storing a second set of auxiliary polynomials for the second set of polynomials, dis- 

25 criminating if the coefficient of a predetermined degree of each polynomial of the second set of polynomials 
stored in the third memory equals zero, newly determining a defining point if a polynomial, in which the coef- 
ficient of a predetermined degree does not equal zero, is present as a result of the discrimination, deriving poly- 
nomials which belong to the second set of polynomials based on the value of the determined defining point, 
the second set of polynomials stored in the third memory, and the second set of auxiliary polynomials stored 

30 in the fourth memory, erasing all polynomials in which the coefficient of a predetermined degree does not equal 
zero, and updating the third memory by storing the polynomials derived by first derivation means, deriving poly- 
nomials which belong to the first set of polynomials based on the value of the determined defining point, the 
first set of polynomials stored in the first memory, the first set of auxiliary polynomials stored in the second 
memory, and the coefficient of a polynomial of the second set of polynomials relating to the determined defining 

35 point, erasing all polynomials corresponding to the polynomials erased by the updating operation of the third 
memory, and updating the first memory by storing the derived polynomials, discriminating the presence of a 
change of the defining point, updating the first set of auxiliary polynomials stored in the second memory based 
on the first set of auxiliary polynomials stored in the second memory, and the polynomials erased by the up- 
dating operation of the first memory, when it has been discriminated that the defining point has changed by 

40 the discrimination operation, and updating the first set of auxiliary polynomials stored in the second memory 
based on the second set of auxiliary polynomials stored in the fourth memory and the polynomials erased by 
the updating operation of the third memory, when it has been discriminated that the defining point has changed. 

Still another embodiment relates to a polynomial-set deriving apparatus for obtaining a set of minimal poly- 
nomials for generating a given multidimensional array, comprising array storage means for storing a given mul- 

45 tidimensional array u, first polynomial storage means for storing a set of polynomials F to be obtained, second 
polynomial storage means for storing a set of auxiliary polynomials G for the set of polynomials F, first calcu- 
lation means for obtaining polynomials fW which belong to the set of polynomials F based on polynomials fro 
stored in the first polynomial storage means, polynomials g(J> stored in the second polynomial storage means, 
and deviations of polynomials df n ro , second calculation means for obtaining deviations of polynomials dW k > 

so based on the coefficients of the polynomials f< k > calculated by the first calculation means and the multidimen- 
sional array u stored in the array storage means, and control means for controlling accessing operations for 
the first polynomial storage means and the second polynomial storage means and accessed addresses in par- 
allel depending on the degrees of the polynomials f* k >. The calculation by the first calculation means and the 
calculation by the second calculation means are executed in parallel. 

55 Yet another embodiment relates to a method for obtaining a set of minimal polynomials for generating a 

given multidimensional array, comprising the steps of storing a given multidimensional array u in an array mem- 
ory, obtaining polynomials fW which belong to a set of polynomial F to be obtained, based on polynomials fro 
stored in a first polynomial memory for storing the set of polynomials F, polynomials g<*> stored in a second poly- 
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nomial memory for storing a set of polynomials G different from the set of polynomials F, and deviations of 
polynomials df n O f obtaining deviations of polynomials dW k > based on the polynomials fW obtained by the first 
calculation operation and the multidimensional array u stored in the array memory, and controlling accessing 
operations for the first polynomial memory, the second polynomial memory, and accessed addresses in par- 
allel depending on the degrees of the polynomials f* w and executing the first and second calculation operations 
in parallel. 

Other objectives and advantages besides those discussed above shall be apparent to those skilled in the 
art from the description of specific embodiments of the invention which follows. In the description, reference 
is made to the accompanying drawings, which form a part thereof, and which illustrate examples of the inven- 
tion. Such examples, however, are not exhaustive of various embodiments of the invention, and therefore ref- 
erence is made to the claims which follow the description for determining the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a multidimensional-array generation circuit according to the present invention; 
FIG. 2 is a multidimensional-array generation algorithm according to a conventional BM method; 
FIG. 3 is a multidimensional-array generation algorithm according to the Eu method of the present inven- 
tion; 

FIGS. 4(a) and 4(b) are diagrams illustrating the operation of the conventional BM method; 
FIGS. 5(a) and 5(b) are diagrams illustrating the operation of the Eu method of the present invention; 
FIG. 6 is an algorithm of a multidimensional BM method according to the present invention; 
FIGS. 7(a) through 7(c) are diagrams illustrating the operation when the algorithm shown in FIG. 6 is exe- 
cuted; 

FIG. 8 illustrates a f irst embodiment of the algorithm shown in FIG. 6; 

FIG. 9 illustrates a second embodiment of the algorithm shown in FIG. 6; 

FIG. 10 is a diagram illustrating address division in a memory; 

FIG. 11 illustrates a third embodiment of the algorithm shown in FIG. 6; 

FIG. 12 is a diagram illustrating the operation when the algorithm shown in FIG. 2 is executed; 

FIG. 1 3 is a diagram illustrating the configuration of an apparatus for decoding algebraic geometric codes; 

and 

FIG. 14 is a flowchart illustrating a decoding procedure of the decoding processing unit shown in FIG. 13. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 3 is a diagram illustrating the configuration of an apparatus for decoding algebraic geometric codes. 
In FIG. 13, input unit 131 includes a reception device for receiving data from satellite broadcast or a commu- 
nication network, a reading circuit for reading data from a storage medium, such as a CD (compact disc) or 
the like, and the like, and inputs received words corresponding to image data or voice data. Decoding proc- 
essing unit 132 decodes the received words input to input unit 131. Output unit 133 outputs decoded data, and 
includes a display for displaying image data, a speaker for outputting decoded voice data, and the like. 

FIG. 14 is a flowchart illustrating a decoding procedure of decoding processing unit 132. In the present 
embodiment, as in the case of decoding RS codes, decoding of algebraic geometric codes is performed by 
the following procedure when erasure correction is not included. First in step S141, a received-word series 
having a predetermined size, serving as a unit of decoding, is input. In step S142, a syndrome polynomial u(z) 
is generated from the received-word series. In this step, a multidimensional array u corresponding to the coef- 
ficients of the polynomial is generated. In step S143, a set of error locator polynomials F and a set of error 
value polynomials B are derived from the multidimensional array u. In step S144, an error is corrected at the 
position of the error in the received words obtained from the set of error locator polynomials F based on the 
value or the error obtained from the set of error value polynomials B. 

A method and apparatus for deriving the set of error locator polynomials F and the set of error value poly- 
nomials B from the multidimensional array u will now be described. 

* For that purpose, a two-dimensional Eu method corresponding to an extension of the one-dimensional Eu 
method will be proposed. 

It will be shown that the two-dimensional Eu method outputs results equivalent to those of the Sakata al- 
gorithm, which is the two-dimensional BM method, and the Kamiya algorithm, which is a modified algorithm 
of the Sakata algorithm. Furthermore, a multidimensional Eu method corresponding to th multidimensional 
BM method will be proposed by extending the two-dimensional Eu method. 

It will also be shown that the multidimensional Eu method of the present invention is an algorithm which 
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has effects different from those of the conventional multidimensional BM method in providing an apparatus 
and high speed, and differences between the two methods will be described. 

The known conventional algorithm of the multidimensional BM method has the structur shown in FIG. 2. 
On the other hand, the algorithm of th multidimensional Eu method of the present invention has th structure 

5 shown in FIG. 3. The multidimensional BM method differs from the multidimensional Eu method in that in the 
multidimensional BM method, df n o are directly calculated in step S22, and the set of polynomials F is updated 
using the calculated values in step S25, while in the multidimensional Eu method, df n 0) are not directly calcu- 
lated, and the set of polynomials B is updated in step S34 and the set of polynomials F is updated in step S35 
using the highest-degree coef icient di of polynomials which belong to the newly introduced set of polynomials 

10 B. 

The above-described references (8) and (13) have proved that the above-described conventional multidi- 
mensional BM method devives a set of minimal polynomials F for generating a given miltidimensional array 
u. Accordingly, by proving that the multidimensional Eu method of the present invention devives the same set 
of polynomials F as that of the multidimensional BM method by the following theorems 1 through 3, it will be 
15 shown that the set of polynomials F obtained by the multidimensional Eu method shown in FIG. 3 is also a set 
of minimal polynomials for generating a given multidimensional array u. The multidimensional Eu method of 
the present invention will now be more specifically described illustrating the known conventional two-dimen- 
sional BM method and multidimensional BM method. 

20 First Embodiment 

First, the Sakata algorithm will be shown after the following preparation (explanation of terms). Since the 
proof that this algorithm derives a set of polynomials F for synthesizing a two-dimensional linear shift register 
having a minumum number of storage elements for generating a given finite two-dimensional array u has been 
25 made in the above-described reference (8), an explantaion of the proof will be omitted. 

Preparation 1 (for details, see reference (8)) 

2 :A set of pairs n = (n1, n2) of all non-negative integers n1 and n2. 
30 n : This notation is called a point, which is identified with a point having coordinates (n1, n2) on the X- 

Y plane. 

<T : This notation is called a total order, and determines the the magnitude relationship of point n on 
set 2. The point next to point n = (n1, n2) with respect to <T is defined in the following manner: 

n + 1 : = (nl ' li ^2 + 1) (when m > 0) 

: (n2 + !■ °) (when nl == 0). 

40 < p : This notation is called a semiorder, which is defined as follows: 

m^pn when and only when ml ^ n1, m2 ^ n2, 
where m = (ml, m2) and n = (n1, n2). 
m <p n indicates that m ^ p n and m * n. 

£t p : = {meS 1 1 ^ p m, m < T p). 

45 u: u is a finite partial two-dimensional array having a size q, and is defined as a mapping onto field K 

from Eo q . 

F: Bh/ariate polynomials on field K are expressed by f = 2fmz m . 

merf, 

and 

so z m = x^-ym2 f n = {m e 2 |f m * 0 } 

s = LP(f) = max {m| merf}. 
A set of polynomials is expressed by: 

F = {W. fd - D}. 

df n C>: If the mapping from point n on set 2 onto field K is represented by un, df n e> = 2fm< I >-um+n-s for poly- 
55 nomials fl'> satisfying LP(fW) = s(">. 

merf. 

V(u): If the set of un for p q is expressed by: 

u p = {un n e 2oP}, and if df n e> = 0 (0 ^ n < p) 

6 
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for up. f [up] = 0. At that time, it is assumed that 

V(up) = {((polynomial) If [up] = 0}. 
Defining point When the set of polynomials F is a set of minimal polynomials "^^^^ m ^ 
two-dimensional array, LP(f*> ) - * h termed a defining point. A set of minimal polynomials satisfies the fol 
lowing conditions: 

lollndTsatlsfying conditions that 1 S i. J s 1. 1 *j. and LP(fl>) 2p LP(f») are not present. 
Hi) A polynomial g satisfying conditions that g V(u) and LP(g)eAF is not present, where 
AF = r/u£s(k), and Is(k) = {m€-Z|s(k) < P m}. 

A: This symbol indicates AF when the above-described conditions are satisfied, and is obtained in the fol- 
lowing manner. 

A = U A< " 8 
q, s eEoP, 

and A^»={meS|m^ p q.s}whenf € V(^) satisfying conditions that df^O, and LP(0 = sis present. 
A^ s = 4- in other conditions. 

h1:h1 of type <i.j) is defined as follows: 

hi = Z" <M f® - (d/dj)zf- »♦■- W-gO). 

where 

r = (r1,r2). 

r1=max{sK0,n1-sia) + 1}, 

r2 = max{s20. n 2 - s2<M> + 1}, tffl = LP<g<i>), f» e V (u«), g<» G V(u-n). d, = df n «, and 

25 t This^otation is called a set of auxiliary polynomials of F, and is a set of polynomials 

g = {g (0) . — i g (1 ' 2) }- 
Lemma 1: j of the type determined by © is j satisfying the condition of LP(fU>) = s». 

and p - so) ^psiu) - 1), s20 + n - 1). 
30 Lemma 2: k of the type determined by © is k satisfying the condition of LP(tW) < P t 

Sakata Algorithm 

1)n = (0, 0).F = {1}, andG= #. 
35 2) Calculate df n c> for all polynomials of F. 

3) If f(i) satisfying df„» * 0 is present a new A and a new defining point t are determ.ned. 

4) The following procedure is executed for all defining points t 
® t = (s1C), s2«) f -> Provide polynomial hi of lemma 1 . 

@ t - (n1 - s1« + 1. n2 -> s2<* 1 > + 1) Provide hi of type <k, i> of lemma 2. 

40 (§) t = (n1 -s1» + 1,s20>), 1 sisl - 1, Provide hi oftype<j,i>, 

® t = (sKD, n2 - s20> + 1), 2 S j £ 1 ->• Provide hi of type <i, j-1>. 

<§) t = (n1 + 1, s2(») hi = x" 1 - 1 ©* 1 -^ 

(S) t = rsKO n2 + 1) hi = yn2-s2(IH1.f(l). • 

All polynimials satisfying the condition df n «> * 0 from F. and all newly obtained hi I are ins^ -n R 

5) When A has changed, polynomials of set of auxiliary polynomials G for the new F are selected from 
polynomials of the old G and the polynomials removed from F. 

6) The process is termined if n = n + 1; n = p. The process proceeds to 2) ,n other -a 
A new algorithm according to the present invention which derives the same output as the Sakata algorithm 

will now be described. 
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Algorithm 1 

zllfme 0 ^ 
point t are determined. 

3) The following procedure is performed for all the defining points t. 

0 t = (sK l >, s20>) -+ Provide polynomial h2 having the type of lemma 1 . 
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® t = (n1 - sKO + 1 , n2 - s2(H-i) + 1) -» Provide h2 of typ <k, i> of lemma 2 

® t = (n1 - s1<» + 1 , s2d>), 1 s | s 1 - 1 -» Provide h2 of type <j, i>. 

® t = (sKO, n2 - s2fl) + 1), 2 ^ j ^ 1 ^ Provide h2 of typ <i, j-i>. 

® t = (n1 + 1, s20>) -» h2 = x-< n1 -*ia>+i>.ba) 

© t = (SKO, n2 + 1) h2 = yn2-82(l)+1.t)(i). 

All polynomials in which the highest-order coefficient does not equal zero are removed from B and 
all newly obtained h2 are inserted in B. ' 

4) Polynomial hi of the type determined in 3) is provided. Polynomials corresponding to the polynomials 
removed from B are removed from F, and newly obtained hi is inserted in F. 

5) When A has changed, polynomials of set of auxiliary polynomials G for the new F are selected from 
polynomials of the old G and the polynomials removed from F. Polynomials of set of auxiliary polynomials 
A for the new B are selected from polynomials of the old G and the polynomials removed from B 

6) The process is terminated if n = n + 1; n = p. The process proceeds to 2) in other conditions, where A 
and B are sets of polynomials such that A = {a(°>, - , a( 1 - 2 >} and B = {b<°>, - b< 1 " 1 >. 

h2: h2 of type <i, j> is defined as follows: 

h2 = z'- 8<».b(i) - (d^dj) z r - " + ™- w. a Q). 
A large difference between the algorithm 1 and the Sakata algorithm is that in the Sakata algorithm df (0 
are directly calculated and it is checked if ail of them equal zero, while in the algorithm 1 , df n « are not directly 
calculated but it is checked if the highest-degree coefficient of polynomials b« which belong to B equals zero 
For that purpose, the algorithm 1 introduces sets A and B of polynomials which are not present in the Sakata 
algorithm. 

The fact that set F obtained by the algorithm 1 is the same set as set F obtained by the Sakata algorithm 
can be proved in the following manner: 

Theorem 1 

If a polynomial obtained by multiplying polynomial u having the coefficient un (neSOp) defined by expres- 
sion (1) by polynomial f in which LP() = s is represented by b, the z^n^ e gree coefficient bv-n+s of polynomial 
b is expressed by the following expression (2): 

u = Zun zv - n (1) 

neEoP 

bv-n+s = Efm um + n - s (2) 

msrf, 

where v is an arbitrary integer. 
Proof: 

b = f. u = Z II fm-ui-zv-i+m 

from expression (1). 

Hence, the coefficient bv-n+s of ^ " + * of polynomial b becomes as shown in expression (2), because i = m + 
n - s from v-i + m = v- n + s. 

(Proof completed) 

From this theorem, it can be understood that the coefficient of v s c f b(i) = fO-u correspond™ to ffHeF 
equals df n w of the Sakata algorithm. * w 

If polynomial f(i) which is V(u") is represented by f n <D, the following theorem holds: 

Theorem 2 

If polynomials updated by expressions (3) and (4) are represented by l q <*> and c q <*> (q > T n > T m) and poly- 
nomial w q <*> is defined by expression (5), w q w can be updated by expression (6): 

l q <k> = Z *.| n (i> - (d/djJ.Zrt-LO) ( 3 ) 

c q oo = z^c n o) - (d/djj.zrt^a) (4) 
w q < k > - l q (k)-e - c q < k >-d (d and e are arbitrary polynomials) (5) 
Wq (k) = z^w n <D - (d/dj >z*w m <l> (6), 
where rs and rt are arbitrary integers, and the initial values of l n <«>, I m (i>, Cn <» and C m 0) are arbitrary polynomials. 
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Proof: 

Since expression (6) holds for arbitrary q and k, the following expressions hold: 

w n o> = l n «.e - C„<0.d 
5 w m 0) = l m (D. e - 

Accordingly, the following expression holds: 

w Q < * > = l q ( k ) • e - Cq < * > • d 

10 = ( 2 ra . ln ( i ) - (di/dj )• Z rt • lo^ > )*e 

- (z r *-cn(j) - (di/dj )-z rt cai< j> )-d 
= z ra -w n < i > - (di /dj ) • Z rt 'W B ( j ) • 



15 



20 



(Proof completed) 

In the Sakata algorithm, 1» = y» e F which becomes V(u<) is updated by hi , and g<D equals P = f J» which 
becomes V(u™). Hence, hi can be expressed in the form of expression (3). 
The following theorem also holds: 



Theorem 3 

25 If I « = V* . e = u. d = zv.x, dd) = 1 . and c 0 <«> = 0 in expression (5), w q <*> = b q « at deg w q » ^ V. At that 



time, b q < k > is the (v-q+s< k >)-degree polynomial. 



Proof: 



Since g» = V* and e = u, expression (5) becomes w q <« = b q « - c/>-d. If deg c.,0) * 0 and deg Co^ 0. 
Cq (« is a positive-degree polynomial from expression (4), and d = z-x, and therefore deg c,«.d ) v. Hence, if 

= 0 (i = 0. »., q-1). From theorem 1, df,<w is the coefficient of Hence, the (v- . + s«)-degree (. - 0, , q- 

35 1 ) coefficient of b q w becomes 0. and the highest degree of b q *> becomes v - q + s«. 



(Proof completed) 



Accordingly. b a « = wJW can be updated by expression (6). That is. b q W can be updated by h2. In tM oM, 
" fJZ! 1 and theorem 3. di and dj are the coefficients of and of polynomials b n o> and 

bj k >, respectively, that is, the highest-degree coefficients. ^. nnmla i a ao c 

As described above, it was proved that F obtained by the algorithm 1 is the same set of 
obtained by the Sakata algorithm. Since it has been proved in reference (8) that the set of P*™™"* 
tained by the Sakata algorithm is a set of mininal polynomials for generating a g.ven two-d.me "™""™V 
« it can be said that the set of polynomials F obtained from the algorithm 1 is also a set of m.n.mal polynomials 
for generating a given two-dimensional array u. 

Accordingly, this algorithm can be realized, for example, by the apparatus shown m FIG. 1. First , ^ de- 
termined if the highest-degree coefficient of polynomials B stored in memory 13 for storing the initial values 
an" ^updated values set in item 1) of algorithm 1 equals 0. If the result of the determination is affirmative 
50 ftel 6) is executed. If the result of the determination is relative, control circuit 11 executes item 2) orcalculating 
a new defining point and determining the type, and processing circuit 12 performs the calculation of h2 and 
hi shown in items 3) and 4). respectively, in accordance with the type. If the defining pomt hasl een updated, 
control circuit 11 newly selects and updates polynomials of A and G within memory 13 as shown , in tern ^ 
Control circuit 11 and processing circuit 12 need not be separated, since the above-described Processing 
55 may be executed by a software approach by causing the CPU to execute programs «^^ nd "9£*^ 
spective control procedures and the above-descrived algorithm. Since the calculation ■J^^T*^ 
described control and processing comprises multiplication, division, addition and subtracts of simple inte- 
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th^jJS^S! f 3 P rocessi "9 are squired. The above-described operations may be simplified if 
the determmahon of the type and theflowof the procedure in the control are previously programmed or printed 
■n a ROM (read-only memory) and are retrieved (by looking up a tabl ) whenev r necesSry 
hi «SS 08,1 ^ sim " ,taneous, y Processed, indepedent processing circuits may be provided for 

a \?nl J ? CS ? h2 afe Pr ° CeSSed in the Same manner - h1 an "2 may be pro cessed by 

XSZEt T bed latef Wfth r6SpeCt t0 the effects of the inventio " 1 °" a <*»• characteristics 

° Led iys^zr«i perf r? para,iei processin9, a p,ura,ity ° f processing m * ^ be ^ 

v.ded. As descnbed above, the circuitry for executing the algorithm 1 can be easily realized. 
Second Embodiment 

Next, an algorithm equivalent to the algorithm suitable for the Modified decoding algorithm presented bv 
a. Tb! .t W f, 6 C ° nS L d T d - FirSt ' 3fter the f0 " 0Win9 preparation ' the algorithm presented 
bodTment ^ "* deSCTibed th6 f °" 0Wing P re P arati <>" «• «» as in the first em- 

Preparation 2 (for details, see reference (12)) 

< T : In the present embodiment, the total order is defined as follows: 

Q(i) - a il + b \2 (a and b are natural numbers which are mutually prime, i = (i1 i2)) 

m =j n, ■ u 

if Q(m) < Q(n) is satisfied, or 

only when Q(m) = Q(n) and m2 si n2, and 

the point next to point m is represented by m + 1 with 

respect to this total order <T. 

£tP(n): = {meX | m2 ^ n, t ^ p m, m < T p} 
1 )) onto field K ,mte Paftlal tW °- dimensional anra y havi "9 a * and is defined as a mapping from W (a- 
F: Bivariate polynomials on field K are expressed by 

f = Efmz m 

merf, 
where 

2 m = tfrt.ym2 n = {me2(a-1) I fm * 0} 
s = LP(f) = max{m | meH} 
A set of polynomials is expressed by 

f = {f«», ...f(a- 1)}. 

< o J?"? lf rt th ! S8t ° f U " f ° r Q(P) < q ls re P resente d by {un I neWfa - 1))}, and if df n <0 = 0 (n«=Z p (a-1+s2» 
for up, f [up] = 0. At that time, V(up) = {f (a polynomial) | f[up] =0}. ( W 

A : A is obtained in the following manner: 

A = UA^ " 8 

q,S€2oP (2(a-1)), 

where isr* = {m€ z(a-1)|ml ^ q1 - S 1, m2 = q2 - s2) when f V(u<) satisfying df q * 0 and LP(f) = s is present, 
andA^ 8 =<^ in other cases. 

h3: h3 of type <i f j> is defined as follows: 

h3 = X rt " s1 <l).f<l> - (d/dj)-X r1 - nl ♦ ml - tia).gG) 

G: This notation is called a set of auxiliary polynomials of F. and is a set of polynomials- 

g = {g<°>, -,g< a - 1 > 

Kamiya algorithm 



1) n = (0, 0) , F = {1 , y, y2 > ... , y a-i } G = <f 

2) Calculate df n (» of all polynomials of F. 

3) If ff) satisfying df„« * 0 is present, a new A and a new defining point t are determined 

4) The following procedure is executed for all defining points t: 

t = (s10), s2<«>) Provide h3 of type <i, n2 - i>. 

t = (n1 - sK') + 1, n2 - s2<0) -» Provide h3 of type <n2 - i i> 

t = (M + 1, n2-s20>)-> 
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uo - x n1- s1(n2- .f(n2- 0. , 

All polynomials sattefying df n » * 0 ar removed from F, and all newly obtained h3 are inserted I In R 

5) Whin Tls changed, polynomials of set of auxiliary polynomials G for th new F are selected from 
polynomials of the old G and removed polynomials of F. 

6) The process is terminated if n = n ♦ 1; n = p. The process proceeds to rtem 2) in other cases. 
An algorithm equivalent to the Kamiya algorithm will now be shown. 

Algorithm 2 

1) n = (0, 0), F = {1, y. y* 1 }. © ■ 4 » 

2) If the hlg^esw'egree coefficients of all polynomials of B does not equal 0. a new A and a new-def ining 
point t are determined. 

3) The following procedure is executed at all the defining points t 
®t = (S1<0, s2«)-> 

Provide h4 of type (i, n 2 - 1 >. 
@t + (n1-a1» + 1,ii2- «#»)-> 

Provide h4 of type <n 2 - i, i>. 
®t = (n1 +1,n2-s20>)-> 

All polynomials in which the highest-degree coefficient does not equal 0 are removed from B. and all 
of newly obtained h4 are inserted in B. nAlunn _ 
4 Polynomial h3 of the type determined in item 3) is provided. Polynomials corresponds to the polyno- 
mials removed from B are removed from F, and newly obtained h3 is inserted in F. 
rWhenThas changed, polynomials of set of auxiliary polynomials G for the new F are selected from 
^iZmia^s of the old' G and the polynomials removed from F. Polynomials of set of aux,hary polynomials 
Afor the new B are selected from polynomials of the old A and the polynomials removed 
6) The process is terminated if n = n + 1; n = p. The process proceeds to step 2) in other cases. 
h4:h4 of type <i,j> is defined as follows: 

h4 = x ri - sKI).b(l) - (d/dj)-^ - "i ♦ «i - ti<j>. a <D. 
As in the case of the algorithm 1 and the Sakata algorithm, differences between the a Igorithnr i2 and itto 
Kam^a algorithm are in that whether df n <» is directly calculated or the hjhest-order »^»"""2^ 
bfi which belongs to B is made to be df„». Accordingly, if the relationship held between the algorrthm , I and 
the SaSta algorthm holds between the algorithm 2 and the Kamiya algorithm it can be p^ved that ttie F ob- 
tained by the algorithm 2 is the same set of polynomials as the F obtained by the Kamiya algonthm in the fol- 

'° Wi ?f 9 it te a as"Smed that |»« F of theorem 1 is HI of the Kamiya algorithm, it can be said that the coefficient of 
zv-ionhe Suspending polynomial b» = KM. equals df n 0» of the Kamiya algorithm. Hence, theorem 1 also 

holds in this embodiment. 
Theorem 2 holds generally. 

Since f J» of theorem 3 equals l» of the Kamiya algorithm, theorem 3 also holds 
Accordmalv as in the case of the Sakata algorithm, since it can be sa.d that w q » = b q W. b p M can be up- 
date^nSoin^ 

^^IZSS'hasbeen proved that the F obtained by the algorithm 2 is the same set of poiynomials 

as the F obtained by the Kamiya algorithm. Ho «*var the control 

Accordingly, the algorithm 2 can also be realized by the apparatus shown in FIG. 1. However, the ^control 
andthTproSssing are different from those of the algorithm 1. (In the processing. h3 and I M are , calcu ated^ 
S the control, the determination of the type is simplified, .n memory 13, the polynomials shown n torn 1 aro 
stored in memory 13 as initial values for the A, B, F and G.) Since the algonthm 2 is also surtable for para lei 
processing, a plurality of processing circuits may be used. As described above, it can be understood that the 
circuitry for executing the algorithm 2 is easily realized. 

Third Embodiment 

Sakata etal (see reference (13)) also show an algorithm for deriving a set of polynomials F for synthesizing 
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H^SS! JI? a,9< ??U m iS Ca " ad 8 multidimensiona ' BM method. In this embodiment, a new algorithm cor- 
responding to the multi-dimensional BM method will be considered 

•hniJlSV? detaile T d K a '9° rithm is complicated, characteristics of th algorithm called the BM method will be 
5 TZ £ S ^ a, ?«? m Pr ° POSed by SaKata (th •dimensional BM method), which is an Z£ 
ta FIG 2 raTaoll M m w eth ° d ' in ° ,Udin9 the one - dimensi °na' BM method, has the structure shown 
corresponding to this algorithm is shown in FIG. 3. As in the above-described two em- 
bodiments differences between the methods shown in FIGS. 2 and 3 are in that whether df n «> is direct oal 
culated. or the highest-degree coefficient of polynomial b<» which belongs to B is made to to tf/wSfn^ 
.f theorems through 3 hold also in the multidimensional array, it can be proved that the Fobtain^bv the 
stw^ 

^ S2! a ^ Ve l! SCribed embodiments . P° int s are defined on the two-dimensional space in which n = (n1 

2^^227* °^ the array and the po,ynomial is a mappin9 at that poinL When this «»* " ~ 

» ?nd HI? N - d ' m .ens.onal space, points are defined as n = (n1 , n2, - nN). and each coefficient of the array 
15 and the polynomial ,s a mapping atthat point. Such relationship is identical irrespective of dimenston HenS 
-t .s apparent that theorems 1 through 3 also hold in the N-dimensional space. d '™ns,on. Hence. 

oe n^°H d r n9 ' y ;K T be SaW * hat the F 9 enerated f «>m algorithm shown in FIG. 3 is the same as the F 
t^ap^^ 

20 aorithm W ird r h I h p pension, the algorithm shown in FIG. 3 becomes the above-described al- 

gorithm called the Eu method used in decoding RS codes and BCH codes. As will be described in the effects 

L ni JT^ in F,G - 3 eXt6ndS the EU method to mu, «P ,e wiZHoseing 
mlT^ Z , tne ,° h ne - d ' me " Si0nal EU meth ° d - Accordi "9'y. *e algorfrhm having the configuration of 

- 'dL?s to nai;^ 

„. Jt? dSS ? b6d n S 0V8, Sin ° e the one - dime "sional BM method and the one-dimensional Eu method are fre- 
quently used for RS codes and BCH codes, various kinds of modified algorithms have bee7prows7d AcoT 

eeTt^s Tt? 0 ' (8 ,T e i"" WelCh and RAScho,t2: ' Continued ^ 
30 p IT J. J' ,T ' 25 ' PP - 19 ■ 27 ' Jan " 1979 > te a w ell-known modified algorithm of the one-dimen 

not refZ^.H r T me , th ° d ' Ca,CU,ati ° n ° f 6XpreSSi0n (6 > is not P erformed the end. and c^latton 
method n ?hS R h ' S ° mitted - HOW6Ver ' Since this method is same as the one^imenstonal Eu 
SSS d b / *? Ca ' CUlati0n ° f eXPreSSi ° n (6) and is "otdirectly calculated, it isappa ent 
thatth.smethod.salsoeffect.veforvariouskindsofmodified algorithms including the continued fraction met™ 

SLSSSST" ^ COrdmg, y' this method is als o entirely effective for a method in which df n o> is net di^cSy 

(6 a E S is i SZTTt- TTT iP tNe BM m6th0d ' B iS updated by the ^^tio" of expression 
(6), and df n <D is calculated as the highest-degree coefficient of polynomials of B 

<° b (■> a e Sum^t Z^T^ parameters (rs ' rt and the like > are turned to be integers, and f n 0) and 
b n < are assumed to be polynomials, it is apparent that this method is effective even if points and respective 

a ,J 1 the J , !, 9ree ! ° f polynomia,s u and f are inverted (dual polynomials), the degree of polynomial b = fu is 
also inverted, and d, can be the lowest-degree coefficient of polynomial b. Polynomial b fuis 

, ln theorem 3, it is assumed that d = z« x. However, even if d = z«' or d = 0 w w = b M and it i« ai ™„„» 
that the result of the algorithm having the structure of FIG. 3 does not change " " 
for ucdatinf R n th! above - des <f ibed embodiment, the calculation shown in the following expression (7) is used 

Z^SSLZZT* 080 be ° btained by usin9 the calcu,atton shown in expression m ex - pt dif - 

50 b n <. = 2« b n (') - (d./djJ-zrt-anO) (7) 

where a n 0) = b m a,. i" - - <B> 

^Brmetln^dJfflirrT T? ™ E " meth ° d 3nd th6 BM method 03,1 be described °* 
55 Th! p. 1 , • ,S d ' reCtly ^'""ated. and W*> is obtained using the obtained value. 

resolutive htahiS h " ' S " 0t direct,y ca,cu,ated ' a " d W k > is obtained as shown in expression (7) using the 
d and T h ' 9heSt - degree 00-1 ,C,entS d| and d i of Polynomia.s b n (0 and b^OO is calculated using the same 

From such differences, the following differences are produced in providing apparatuses and high speed 
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for the BM method and the Eu method. 

The BM method: In the BM method, it is difficult to calcuiat both f n <'> and W k > in parallel. The reason is 
as follows: df„<& = di is nec ssary for calculating W k) , and df n <0 is calculated using all the coefficients of f n O. 
Accordingly, since df^ 1 ) can be obtained only after completing the calculation of f n ®, the calculation of f n+1 w 
can be started only after the calculation of f n w has been completed. Accordingly, as shown in FIG. 4(a), in the 
BM method, polynomials f n <»> and W*) at points n and n+1 are sequentially calculated. In addition, in the BM 
method, the calculation of f n w, and df n o cannot be executed in parallel even if the calculation is performed 
with one clock pulse. Hence, as shown in FIG. 4(b), a calculation time equal to about 2p clock pulses is required. 
This is the characteristic common to the one-dimensional BM method and the multidimensional Bm method 
shown in FIG. 2. 

The Eu method: In the Eu method, f n w and W k > can be calculated in parallel. The reason is as follows: In 
the Eu method, di is the highest-degree coefficient of b n ^eB, and polynomials which belong to the B can be 
calculated only using polynomials which belong to B by expression (7). If it is assumed that expression (7) is 
sequentially calculated from the highest degree to lower degrees using and a n «>, output b n+1 < k > is sequentially 
obtained from the highest-degree coefficient to lower-degree coefficients. Hence, the calculation of polynomial 
bo*2 w at P°»nt n + 2 can be started when the highest-degree coefficient has been obtained (a^) is already 
obtained polynomials). This indicates that polynomials at points n + 1 and n + 2 can be calculated in parallel. 
It is apparent that this also holds for points n and n + 1 . Accordingly, calculation for updating B can be executed 
in parallel at respective points. The calculation of f^w, and W*> can be started when the highest-degree coef- 
ficients of bn+KO and b n ("> have been known. Hence, as shown in FIG. 5(a), the calculation of W* 0 can also 
be executed in parallel at respective points. As a result, in the Eu method, if a plurality of processing circuits 
for performing the calculation of expression (7) are provided, a high-speed operation in proportion to the num- 
ber of the circuits can be easily performed. This characteristic is common to the well-known one-dimensional 
Eu method and the multidimensional Eu method shown in FIG. 3, and is absent in the above-described BM 
method. When the calculation of b n <'>, b^w, f n 0 and W is performed with one clock pulse, as shown in FIG. 
5(b), a calculation time equal to aboutp clock pulses suffices, and therefore a calculation having a higher speed 
than the BM method can be performed. (In FIGS. 5(a) and 5(b), d, at point n is represented by d n .) 

In general, a high-speed algorithm indicates an algorithm having a smaller amount of calculation. However, 
for realizing a high-speed operation, an approach to reduce the amount of calculation of the algorithm and an 
approach to increase the parallel operations of the algorithm can be considered. This is because the processing 
time can be reduced by simultaneously executing a plurality of processing by parallel processing. Arecent pro- 
gress in the VLSI (very large scale integrated circuit) technique can easily provide a chip which can perform 
large-scale parallel processing. Accordingly, in many cases, an algorithm having a high degree of parallel proc- 
essing is suitable for high-speed processing. 

As described above, the Eu method of the present invention can perform a higher degree of parallel proc- 
essing than the BM method, and therefore is suitable for high-speed processing. While the BM method requires 
two kinds of calculation, i.e., the calculation of polynomial f n W and the calculation of scalar quantity df 0 W , only 
the same type of calculation shown in expression (7) is required for f n W and b n w in the Eu method. Hence, in 
the Eu method, the processing circuit can be more easily provided in the form of a unit, and therefore it can 
be said that the Eu method is more suitable for parallel processing. 

As a result, according to the present invention, a high-speed processing apparatus which performs parallel 
processing can be easily configured. 

Fourth Embodiment 

Next, a description will be provided of an embodiment in which a N-dimensional BM method is used, in 
the N-dimensional BM method, addition/subtraction of two points is performed independently for variables of 
each dimension. For that purpose, in the N-dimensional BM method, more efficient processing can be per- 
formed by using N-dimensional memories each of which deals with variables of the corresponding dimension. 

Even if calculation relating to (N - 1)-dimensional variables is simultaneously performed, processing re- 
lating to remaining variables is sequentially performed. Hence, the processes of steps S22 and S24 shown in 
FIG. 2 can be performed in parallel. In order to simultaneously perform calculation relating to (N - 1)-dimen- 
sional variables, an independent memory may be used for each degree of the variables, and respective mem- 
ories may be simultaneously accessed. 

Accordingly, in the present embodiment, a method and an apparatus using the method will be proposed, 
in which independent memories for respective polynimials and respective degrees of variables are realized by 
dividing addresses of a memory or by using a plurality of memories, thereby processing of the multidimensional 
BM method is efficiently performed. 
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35 



Fir<T?; a wh UStra K^ an „ al 9 0ritnm of the P re sent invention corresponding to the algorithm shown in FIG 2 

-^^^^^^^^ 

First, the one-dimensional BM method will be considered In Fin r c^k^i . parallel. 

5 storing a gh, n one-dimensional array u (u, Z m£SE* JZ^SXT^ 

minima, polynomial f (having an initial va.u of 1) ZgeZZng aTy u SSZZSZl""'!" ^ ' 

a register for holding the value of the df svmbol in »nr«J! 9 n ' ymb ° l df(n re P re sents 

At point n, the defining point of polynomial f is represented by s<0 and the def ininn . 
rt + sd) start* fn ' respect ' ve, y- At tnat t,m e. an external circuit compares the values of rs + s<0 and 

SS?SBSS=5SSS s=£=33ES 

in parallel with f at point n in step S64. At that time th« bSSto iffc 1 .? n + 1 m 2 > 18 calculated 
the reciprocal of the value provided by SlJdSf vleTdT ma-tar df.. By multiplying 

performing address control. V rea,,zed b ^ a CPU and a counter circuit for 
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40 Fifth Embodiment 



45 



50 



55 



sent'! ih 1 : J^^ij^^rsL 0 ' r r mia,s s j represents the de9ree ° f * - * 

division as shown in FIG 10 and t h f3S2T2 ? P ** mem0ri6S F " nd G ^ P6rf ° rm address 

sentsthe highest degree ^ in ™- 

in the set of polynomials F is s<o = (sKO s2 9 S a nd a 4 ^ S "^f * h f t h f def,n,n 9 PO-ntof one polynomial f(i) 

' " ;> ana a < a1 - ■?> < ae V 0 ) 's a variable, polynomial fto is stored 
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memcry.Afterthetimeperiodcorr^^^ 

circuit operates the other memory and outputs polynomials stored m th^mermry. 

Since the valueof(df n (0/df m (D) is held in register dd. , teen be underst^ 
point s« = (s1« , s2«) calculated and updated by h in step S64 .s sequent* ly .nputto address (k. MW a ^ 
a2 (aU4 of memory F. At that time, if the point next to point n in the total order ,s ^ ^ . 

n' = (n? nA memory U outputs each element of one-dimensional array u stored m address (n1 . nz 
a2)(a 6 V«) n accordance with variabie "a" of updated polynomial I* with n the address. 
20 Thus dL« at point n + 1 in step S62 is calculated in parallel with polynomial ^» at po,nt n .n step S64. 

At thSime^oo calculated in step S62 is stored in register dfcu. and the preced,ng ^^J^STS 
df Thestored values are used in the succeeding calculation whenever necessary. Therefore the value or 

25 SSi^u^ 
^A^gly.inF^ 

JZSZ BMmethod. po.ynomiai f« calculated in ste P S14 and j '^-g^J^^^ 
that calculation are determined in accordance with the type of the ^^gSL. 
30 mials are stored while performing address division in the above-desenbed I manne k and j O W 

can be sequentially selected by assigning addresses. Accordingly nv ^^^^^Si.%Z 
signed at point n. the number of clock pulses corresponding to the sum ^pectwe • ■ >WJM Y 
peating the above-described operation up to point p. the set of m.n.mal polynomials F for generating two 

erence (11) can be solved. Furthermore, the problem of the compl.cat.on of memory access iwatins | w m 
drenstonaUariab.es described in item 2) is facilitated and can be solved by performing address d,v,s.on for 

number of division of addresses is increased. 
Sixth Embodiment 

in the fifth embodiment, since a plurality of polynomials are stored while paring 
a sinale memory only one polynomial and only one degree can be selected, and parallel proce .sins io po.y 
nomiJs and variab^shown in problems 3) and 4) is not performed. Accordingly, in the present 
an apparatus for realizing parallel processing of polynomials and variables shown .n problems 3) and 4) will 

^ C F^lT Istrates an embodiment of the present invention in which paralle. ^^J^Z^- 
realized In FIG 11 , each of memories F and G comprises a plurality of memor.es for storing a JjJ*W 

of the oluralitv of memories. Symbols + and x indicate a plurality of adders and multipliers respe raiveiy v 
Jdedinp^ accordant 

circuit IN are also provided in parallel in accordance with the multiplex signal l.ne. However, sice on.y 
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of u is stored in memory U and is common to a plurality of polynomials f<'>, the input lin to memory U compris s 
a single line, and the output of memory U is input common to multipliers provided in parallel in common 

At that time, if addresses of memories F and G are controlled for polynomials having the largest defining 
points at each po.nt n, other polynomials can be controlled by the address control. Accoidingly, updating of 
all polynomials at point n can be performed by the number of clock pulses equal to s», which is the largest 
defining point at that point By rep ating the above-described operation p times, the set of minimal polynomials 
F for generating u can be obtained. 

An apparatus for performing parallel processing of variables can also be realized accorting to the embodi- 
ment shown in FIG. 11 . In this case, if divided addresses for respective degrees of y of the polynomial of the 
fifth embodiment are stored in parallel in a plurality of memories, calculation relating to variable y within one 
polynomial can be performed in parallel. Hence, parallel processing not only for polynomials but also for vari- 
ables within one polynomial can be realized. 

It is apparent that the circuit shown in FIG. 11 is also effective for the N-dimensional BM method if the 
number of memories is increased. 

The number of memories of the apparatus of the sixth embodiment is not necessarily equal to the number 
of polynomials or the number of degrees, but a plurality of memories which can be provided may be subjected 
to address division in combination with the case of the second embodiment 

The circuit for performing the processes of steps S62 and S64 can be easily configured by a CPU and the 
like, and is not limited to the circuit configuration shown in the present embodiment 

The method of storage, the method of access for memories, and the like which have been described above 
are of course, efficient not only forthe multidimensional BM method, but also for other multidimensional arrays 
and methods for generating multidimensional polynomials. 

In the present invention, since one cycle can be executed with a minimum number of clock pulses s<"> nec- 
essary for sequential processing, useless clock pulses are not provided, and the speed of processing is in- 
25 creased. 9 

Furthermore, by controlling a plurality of polynomials and variables thereof using address division the 
present invention can also be easily applied to the multidimensional BM method. 

In addition, by controlling a plurality of polynomials of the multidimensional BM method in parallel while 
dividing the polynomials in a plurality of memories, the plurality of polynomials can be processed in parallel 
30 and the processing speed can be increased. 

Moreover, by storing divided addresses for respective degrees of variables within each polynomial of the 
multi-d,mensional BM method in a plurality of memories in parallel, processing for respective variables within 
one polynomial can be performed in parallel, and therefore the processing speed can be increased 

Although the present invention has been described in its preferred form with a certain degree of particu- 
35 anty, many different embodiments of the invention can be made without departing from the spirit and scope 
thereof, t is i to be understood that the invention is not limited to the specific embodiments thereof except as 
defined in the appended claims. p 
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A polynomial-set deriving apparatus for obtaining a set of minimal polynomials for generating a given mul- 
ti-dimensional array, said apparatus comprising: " 
first storage means for storing a first set of polynomials to be obtained; 

second storage means for storing a first set of aixiliary polynomials for the first set of polynomials- 
third storage means for storing a second set of polynomials different from the first set of polyno^ 
mials; J 

fourth storage means for storing a second set of auxiliary polynomials for the second set of poly- 
normals; J 

first discrimination means for discriminating if the coefficient of a predetermined degree of each 
polynom.al of the second set of polynomials stored in said third storage means equals zero- 

determination means for newly determinating a defining point if a polynomial, in which the coeffi- 
cient of a predetermined degree does not equal zero, is present as a result of the discrimination by said 
first discrimination means; 7 

firstderivationmeansfor deriving polynomials which belong to the second set of polynomials based 
on the value of the defining point determined by said determination means, the second set of polynomials 
stored m said third storage means, and the second set of auxiliary polynomials stored in said fourth star- 
age means; 
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firstupdating means for erasing all polynomials, in which the coefficient of a predeter^ineddegree 
does not equal zero, from said third storage means, and for storing the polynormals denved by sa,d f ,rst 
derivation means in said third storage means; r . . haeflH 

second derivation means for deriving polynomials which belongtothef.rstse o poynomalsbased 
on the value of the defining point determined by said determination means, the fret set o 
stored in said first storage means, the first set of auxiliary polynomials stored m said second storag 
means! « ! the^eff icient of a polynomial of the second set of polynomials relating to the determined 
defining Point ^ ^ polynoinia|s M ding to the P^omia.sj wm*» 

said first updating means from said first storage means, and for storing the polynomials denved by said 
second derivation means in said first storage means; 

second discrimination means for discriminating the presence of a change of the def .n.ng point 
third updating means for updating the first set of auxiliary polynomials stored in « a ' dse ~" dsto ^ e 
means based on the first set of auxiliary polynomials stored in said second storage means i nd tt, , poly- 
nomials erased by said second updating means, when said second discrimahon means has discnmated 
the presence of a change in the defining point; and MnftnH «»or. 

fourth updating means for updating 
age means based on the second set of auxiliary polynomials stored in said fourth storage mean 
Se polynomials erased by said first updating means, when said second discrimat.on means has d.scn- 
mated the presence of a change in the defining point. 

A polynomial-set deriving apparatus according to Claim 1. wherein the updating operation to***™ 
updating means and the updating operation by said second updating means are executed ,n parallel. 

Apolynomial-set deriving apparatus according to Claim 1. wherein said first updating means and said sec- 
ond updating means are realized by common circuit means. 

Apolynomial-set deriving apparatus according to Claim 1 . wherein said second updating means performs 
the following calculation: 

b q w = z«>b n <» - (di/diJ-z-t-bn,*!). 
where b n « and b m «> are polynomials which belong to the second set of ^nooMo. ^"JJT the 
coefficients of predetermined degrees of the corresponding polynom.als b n <-) and bj>. respectively. 

A polynomial-set deriving apparatus according to Claim 1 , wherein said second updating means performs 
the following calculation: 

b„w = dj.z-»b„o> - d r z"b m u>, 
where b„o and b m 0> are polynomials which belong to the second set of polynomials, and d, and d, are .the 
coefficients of the highest degree or the lowest degree of the corresponding polynomials b n ® and bjo, 
respectively. 

A method for obtaining a set of minimal pdlynomials for generating a given multidimensional array, said 

memory for storing a first set of auxiliary polynomials for the first set of po ynomials a third memo y to 
storing a second set of polynomials different from the first set of polynomials, and a fourth memory for 
storing a second set of auxiliary polynomials for the second set of polynomials; 

discriminating if the coefficient of a predetermined degree of each polynomial of the second set of 
polynomials stored in the third memory equals zero; . . . , H _ 

newly determining a defining point if a polynomial, in which the coeff .cent of a predetermined de- 
gree does not equal zero, is present as a result of the discrimination; h« 
9 deriving polynomials which belong to the second set of polynomials based on the value of the de- 
termined defining point, the second set of polynomials stored in the third memory, and the second set of 
auxiliary polynomials stored in the fourth memory; . „. 

erasing all polynomials in which the coefficient of a predetermined degree does not equal zero, 
and updating the third memory by storing the polynomials derived by first derivation means 

deriving polynomials which belong to the first set of polynomials based on the value of he deter- 
mined-defining point, the first set of polynomials stored in the first memory, the first set o auxihary poly- 
nomials store in the second memory, and the coefficientof a polynomial of the second set of polynomials 
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relating to the determin d defining point; 

erasing all polynomials corresponding to the polynomials eras d by the updating operation of the 
third memory, and updating the first memory by storing the derived polynomials; 
discriminating the presence of a change of the defining point; 

updating the first set of auxiliary polynomials stored In the second memory based on the first set 
of auxiliary polynomials stored in the second memory, arid thetpolynomials erased by the updating op- 
eration of the first memory, when it has been discriminated that the defining point has changed by the 
discnmination operation; and 

updating the first set of auxiliary polynomials stored In the second memory based on the second 
set or auxiliary polynomials stored in the fourth memory, arid the polynomials erased by the updating op- 
eration of the th.rd memory, when it has been discriminated that the defining point has changed. 

A polynomial-set deriving method according to Claim 6, wherein the updating operation of the first set of 
polynomials and the updating operation of the second set of polynomials are executed in parallel. 

8. Apolynomial-setderivingapparatusforobtainingasetofminimalpolynomialsforgeneratingagivenmulti- 
dimensional array, said apparatus comprising: array storage means for storing a given multidimensional 
array u, 

first polynomial storage means for storing a set of polynomials F to be obtained; 
second polynomial storage means for storing a set of auxiliary polynomials G for the set of poly- 
nomials F; *• j 

first calculation means for obtaining polynomials f*> which belong to the set of polynomials F based 
on polynomials fto stored in said first polynomial storage means, polynomials gffl stored in said second 
polynomial storage means, and deviations of polynomials df„<D; 

second calculation means for obtaining deviations of polynomials dW*> based on the coefficients 
of the polynomials |W calculated by said first calculation means and the multi-dimensional array u stored 
in said array storage means; and 

control means for controlling accessing operations for said first polynomial storage means and said 
JSStafM St ° ra9e me3nS aCCeSSed addresses in Parallel depending on the degrees of the 

wherein the calculation by said first calculation means and the calculation by said second calcu- 
lation means are executed in parallel. 

9. A polynomial-set deriving apparatus according to Claim 8, wherein said first polynomial storage means 
or said second polynomial storage means includes a plurality of memories, and wherein a plurality of poly- 
nomials are stored in different memories. 

10. A polynomial-set deriving apparatus according to Claim 8. wherein said first polynomial storage means 
or said second polynomial storage means includes a plurality of memories, and wherein respective vari- 
ables and respective degrees of a plurality of polynomials are stored in different memories 



11. 



A polynomial-set deriving apparatus according to Claim 8, wherein said control means controls said first 
polynomial storage means and said second polynomial storage means so that a plurality of polynomials 
are stored in different addresses. 



12. A polynom,al-set deriving apparatus according to Claim 8, wherein said control means controls said first 
polynomial storage means or said second polynomial storage means so that respective variables and re- 
spective degrees of a plurality of polynomials are stored in different addresses. 

13. A polynomial-set deriving apparatus according to Claim 8, wherein said first calculation means performs 
the following calculation: 

f(k) = 2re .f(i) . (df n (')/df m o)). Z rt ga). 

14. A polynomial-set deriving apparatus according to Claim 8, wherein said second calculation means per- 
forms the following calculation: 

based on polynomials |W = r fj^calculated by said first calculation means and the multidimensional 
array u stored in said array storage means. 
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15. A method for obtaining a set of minima, polynomials for generating a given multidimensional array, said 
method comprising the steps of: 

storina a given multidimensional array u in an array memory, . 

ana & *- >-< o" ~ ->•— «- •»*- * - *• * 

and SSSL, to pan*, dapandlng on the deoraa, of the po,»no,n,ato I*, and mttto, the 

first and second calculation operations in parallel. 
16 A method of decoding data received from a storage medium or communication channel the method in- 
duZ deriving a polynomial set using a method or apparatus according to any precedmg claim. 

17. An apparatus for decoding data received from the storage medium 0|" communication channel, the appa- 
ratus Including means for deriving a polynomial set in accordance wth any of cla.ms 1 to 15. 
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(S) Polynominal-set deriving apparatus and method. 

(57) A set of minimal polynomials for generating a 
multidimensional array for decoding algebraic 
geometric codes is derived at a high speed. In 
order to obtain a set of minimal polynomials F 
for generating a given multidimensional array, 
when sequentially updating a set of polynomials 

F, df n ^ are not directly calculated, and a newly 
introduced set of polynomials B and the set of 
polynomials F are updated using the highest- 
degree coefficient dj of polynomials which be- 
long to the set of polynomials B. An array 
memory for storing a given multidimensional 
array u, and first and second polynomial 
memories for storing the set of polynomials F to 
be obtained and a set of auxiliary polynomials 

G, respectively, are provided. In the calculation 
of polynomials f k > and dfn+1 00 , accessing oper- 
ations for respective memories and accessed 
addresses are controlled in parallel depending 
on the degrees of polynomials f< k >. 
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